Most premature infants will not develop retinopathy of prematurity (ROP) of clinical relevance, yet screening evaluations often continue beyond hospital discharge, even for those infants without ROP.
I n the United States, most premature infants at risk of retinopathy of prematurity (ROP) will not develop it.
1,2 However, because of challenges in determining risk, ROP screening begins early (approximately 32 weeks' postmenstrual age [PMA] ) and is repeated every 1 to 2 weeks until the retinal vessels are mature (typically after 40 weeks' PMA), any ROP regresses, or ROP treatment is indicated. 1 Screening guidelines are designed to be extremely sensitive to decrease the likelihood of missing an infant with severe ROP, for whom timely treatment may reduce the risk of blindness. 1 Only 5% of atrisk infants are treated. 2 The low specificity of this approach leads to many infants being screened repeatedly with no direct benefit. The detection of ROP requires an uncomfortable but important procedure for infants and a resource-intensive process undertaken by the limited number of ophthalmologists with ROP expertise. 3, 4 The need for ongoing ROP examinations as infants mature and the limited availability of specialized ophthalmologists outside regional centers can inhibit transfer of convalescing infants to lower levels of care in neonatal intensive care units (NICUs) closer to home and limit opportunities to lower health care cost. 5 After discharge, families often travel long distances to regional centers for outpatient ROP screening. One way to decrease the burden of repetitive ROP screening examinations would be to identify infants whose birth characteristics and ROP screening examination results prior to NICU discharge are associated with such a low likelihood of developing severe ROP on future examinations that ROP screening can be terminated. In a simulation on a theoretical sample of infants, we found that the likelihood of significant ROP decreased with gestational age and providing an examination at discharge could decrease the need for intensive follow-up. 6 The current report expands on this work by better identifying those premature infants with the lowest risk of developing severe ROP after discharge. We performed a secondary analysis of a recent prospective study of high-risk infants who underwent ROP examinations during their NICU hospitalizations. 7 
Methods
This was a post hoc secondary analysis of the data from the Telemedicine Approaches to Evaluating Acute-Phase ROP (e-ROP) Study, 7, 8 a multicenter observational cohort study that enrolled infants with an increased likelihood of developing referral-warranted and severe ROP based on a birth weight (BW) less than 1251 g, rather than the standard US screening BW criteria of 1500 g. Infants could be born in an e-ROP center or transferred into an e-ROP center for clinical management of ongoing morbidities, such as respiratory failure, necrotizing enterocolitis, hydrocephalus, or progressive ROP. Exclusion criteria were limited to significant media opacity precluding retinal visualization, major congenital abnormalities, or admission to an e-ROP center at a PMA greater than 39 weeks or with previously treated or regressing ROP. Infants born between May 2011 and October 2013 were included.
Written informed consent was obtained from the parents/ guardians of all eligible infants. The study protocol and informed consent process were approved by institutional review boards of Children's Hospital of Philadelphia and all participating centers.
ROP Examinations and Classification
In the e-ROP Study, the presence or absence of ROP was determined by the results of diagnostic eye examinations performed by study-certified ophthalmologists experienced with ROP. The first eye examination was performed at approximately 32 weeks' PMA or the age at which an infant was transferred into a study center. Follow-up ROP examinations were conducted every 1 to 2 weeks per local center standard of care until discharge or transfer from study center or until the ophthalmologist noted 1 of the following e-ROP study end points: mature retinal vessels, an immature zone III on 2 occasions at least 7 days apart, ROP that had regressed or was regressing on 2 visits at least 7 days apart, ROP treatment, or the attainment of 40 weeks' PMA with no ROP or only stage 1 or 2 ROP without plus disease. If an infant did not reach the study end point by the time of discharge or transfer, then investigators attempted to obtain the final ROP end point status from the referral hospitals or outpatient records. Results from ROP examinations performed outside a study center were not available. If the end point data were not available, then investigators reported the reason as the parent/guardian withdrawal of consent, the investigator's judgment, loss to follow-up, death, or other.
We classified ROP status for each infant as either present or absent based on the combined assessment of both eyes. The presence or absence of ROP was assessed for each examination at a given PMA among infants who had an examination at that PMA. For each infant, a final assessment of ROP status was generated using all examination results obtained prior to study end point, discharge, or transfer. Infant characteristics included gestational age (GA) at birth, BW, and PMA at time of ROP examination. Infants treated for ROP were identified using study end point data.
Statistical Analyses
All analyses were performed in SAS version 9.4 (SAS Institute Inc) from November 2015 to April 2017. Statistical significance was set at P < .05 unless specifically noted. Descriptive
Key Points
Question Can we identify a group of infants at low risk for retinopathy of prematurity (ROP) in North American health care centers who do not benefit from postdischarge ROP surveillance?
Findings In this study, two-thirds of the infants born at 27 weeks' gestational age or older with birth weights greater than 750 g did not have ROP by discharge, and none without ROP noted by 37 weeks' postmenstrual age required ROP treatment.
Meaning These findings suggest that, if no ROP has been detected by discharge in an infant with larger birth weights and more advanced gestational age, then further examinations have limited value.
statistics were used to characterize infants without ROP at each week's PMA (restricted to infants with ROP examination at that PMA) and infants without ROP on any examinations prior to study center end point, discharge, or transfer. We determined the proportion of infants without ROP who subsequently received ROP treatment using end point data.
To further characterize infants at lower risk, we evaluated the outcome of no ROP among a subset of more mature infants born at 27 weeks' GA or later who had had at least 1 eye examination at a PMA of 35 weeks or younger and at least 1 examination at a PMA of 37 weeks or older (eFigure in the Supplement). We characterized this subset using the following birth characteristics: BW (classified as ≤750 g, 751-1000 g, or >1000 g), GA (classified as 27-28, 29, or 30-33 weeks' GA), multiple birth (yes/no), sex (male/female), and birth site (inborn/ outborn [with regard to birth at an e-ROP study center]). Respiratory support (none, noninvasive support, or ventilator) and nutritional support (full enteral feeds, partial feeds, or no enteral feeds) at the time of first study-associated ROP examination were also included because these factors were potentially associated with clinical illness.
We performed logistic regression among this more mature subset to explore infant characteristics associated with an absence of ROP on all examinations prior to study end point, discharge, or transfer. We analyzed associated variables using univariate analysis and included variables with P values less than .10 in multivariate analysis. The performance of the multivariate model for predicting no ROP was assessed by calculating the area under the receiver operating characteristic curve (area under the curve).
Results
The e-ROP Study enrolled 1284 infants born at 22 to 35 weeks' GA with BWs less than 1251 g from 13 North American health care centers between May 2011 and October 2013. 7 The 1257 infants with at least 1 ROP examination had a total of 4113 ROP study examinations between 31 to 47 weeks' PMA ( Table 1) . Half of the cohort was born at less than 27 weeks' GA (median [IQR] , 26 [25-28] weeks) and 429 (34.1%) had BWs of 750 g or less. Among infants with at least 2 eye examinations, the median first and last study-associated ROP examination occurred at a median (IQR) of 33 (32-34) weeks' PMA and 38 (37-40) weeks' PMA. Infants underwent a median (IQR) of 3 (2-5) ROP examinations during the e-ROP study. There was no ROP present in 1553 examinations (37.8%). By study center end point, discharge, or transfer, 456 infants (36.3%) did not have ROP ( Table 1 ). The absence of ROP was more common among infants with larger BWs and more mature GAs; 344 of 544 infants (63.2%) born at 27 weeks' GA or older and with BWs greater than 750 g did not have ROP by discharge (Figure and eTable 1 in the Supplement). Infants Without ROP at Specific PMA Eye Examination Infants without ROP detected during examinations at nearterm or term corrected age (37-42 weeks' PMA) had low risk for subsequent ROP treatment; only 1 infant required treatment (Table 2 ). This infant was born at a GA of 25 weeks with a BW of 655 g and had documented ROP during an examination at 36 weeks' PMA but not 38 weeks' PMA. The study end point was treatment after discharge. We suspect a misclassification of result at 38 weeks' PMA, because there was documented ROP at 36 weeks' PMA and 85% of infants in the e-ROP study who were born at 25 weeks' GA with BWs of 750 g or less developed ROP (Figure) . Among infants without ROP, the final study end point was documented for 390 infants (85.5%), and none of these infants (95% CI, 0%-0.98%) had the end point of ROP treatment. Rather, eye end points for these infants were mature retina (57%), no ROP in zone III on 2 examinations at least 7 days apart (23%), and a PMA of 40 weeks with no ROP (19%). One infant who was discharged without ROP had a documented end point of mild, stage 1 ROP that was regressing on 2 examinations at least 7 days apart. The final end point was not met for the remaining 66 infants (14.5%), mostly because of transfer of care to out-of-network inpatient or outpatient facilities and loss to follow-up.
Infants

Factors Associated With Absence of ROP Among More Mature Infants Who Had Multiple ROP Examinations
To further explore characteristics associated with the absence of ROP at study end point, discharge, or transfer, we performed multiple logistic regression in a subset of 247 more mature infants (27-33 weeks' GA) who had at least 2 ROP examinations (eFigure in the Supplement). These infants included 115 girls (46.6%) and 188 infants (76.1%) inborn at e-ROP center, and had a median (range) BWs of 1000 (410-1250) g, and a median (range) GA of 28 (27-33) weeks (Table 1) . A total of 237 infants (96.0%) did not receive treatment for ROP, and 122 infants (49.4%) had no ROP prior to study end point, discharge, or transfer.
In univariate analysis, the absence of ROP at end point, discharge, or transfer was associated with larger BWs, older GAs, inborn status at an e-ROP center, and the absence of any respiratory support at the time of first ROP examination (eTable 2 in the Supplement). Sex, multiple births, and feeding status at first ROP examination were not significantly associated. Table 3 shows results of logistic regression analysis; larger BWs (>750 g) and higher GAs (29 and 30-33 weeks) both remained strongly associated with the absence of ROP, but birth site and respiratory support at first ROP examination did not. The prediction model with BW, GA, birth site, and respiratory support had an area under ROC curve (area under the curve) of 0.73 (95% CI, 0.67-0.79). This graph shows the frequency of infants without ROP during all examinations prior to the study end point, discharge, or transfer, by birth weight and gestational age, among all infants in the e-ROP study cohort. In infants weighing less than 750 g at birth, ROP was absent in 6% before 25 weeks' gestational age, 15% between 25 and 26 weeks, 15% between 27 and 28 weeks, and 46% between 29 and 30 weeks. In infants who weighed between 750 and 1000 g at birth, ROP was absent in 10% before 25 weeks' gestational age, 22% between 25 and 26 weeks, 52% between 27 and 28 weeks, 68% between 29 and 30 weeks, and 93% between 31 and 33 weeks. In infants who weighed between 1000 and 1250 g at birth, ROP was absent in 35% between 25 and 26 weeks' gestational age, 55% between 27 and 28 weeks, 75% between 29 and 30 weeks, and 85% between 31 and 33 weeks. 
Discussion
In this North American cohort of infants at high risk of ROP who had BWs less than 1251 g and were receiving care in large, academic NICUs, more mature infants (those born at 27 weeks' GA or more with BWs more than 750 g) who did not have any ROP detected by 37 weeks' PMA were at very low risk of subsequent ROP treatment; none were treated for severe ROP. This study is unique in its exploration of infants without ROP and focus on infants of older GAs and larger BWs. For these lowrisk infants, ongoing ROP surveillance after discharge should be expected to have a high cost and burden for ophthalmologists, infants, and families, yet limited value in detecting severe ROP requiring treatment. Monitoring for acute phase ROP until the retina vessels are mature or all ROP has regressed is a high-yield strategy for the care of extremely preterm infants and those already diagnosed with ROP. This analysis confirmed that most infants born at less than 27 weeks' GA or BWs of 750 g or less develop some stage of ROP. 2, 9 The absence of ROP at 32 to 34 weeks' PMA was not reassuring. This is not surprising, because ROP progresses with advancing PMA, and severe ROP is typically seen around 36 weeks' PMA. 10 Severe ROP can also occur at older PMAs, particularly in the most extremely premature infants. Regardless of GA and BW, postdischarge surveillance of infants with ROP seems prudent. The use of limited ophthalmology resources and family travel to outpatient visits appears justified in these higherrisk infants. In contrast, the utility of postdischarge ROP surveillance beyond 37 weeks' PMA is less clear among larger, more mature infants without ROP. This study confirms that older GAs (>27 weeks) and larger BWs (>750 g) infants are at lower risk for ROP compared with younger, smaller infants. In the subset of more mature infants, higher GAs, larger BWs, respiratory support at the first ROP examination, and inborn birth were cumulatively a This infant was born at 25 weeks' GA with a BW of 655 g and had prior documentation of ROP at the examination at 36 weeks' PMA and study end point reported to be treatment after discharge. The ROP examination findings and treatment outcome could not be confirmed. associated with 73% of those without ROP at hospital discharge or transfer. Other factors, including ROP examination results, will need to be considered to better define the lowestrisk infant criteria and develop strategies to safely discharge infants from ROP surveillance. The surveillance of ROP after discharge from tertiary-care NICUs presents difficult obstacles and a timely opportunity to reassess an infant's risk of developing vision-threatening ROP. Important barriers to ROP surveillance include the inability to transfer infants to NICUs closer to home if ROP services were not available, difficulties arranging postdischarge ROP examinations, and the dilemma of when to discharge an infant from ROP screening. 5, 11 Outpatient ROP surveillance requires considerable effort to coordinate appointments and ensure family adherence. 12 New York families reported traveling an average round-trip distance of 80 miles for ROP-associated ophthalmology visits. 12 The challenge is how to best use the limited resources of specialized ophthalmologists and reduce the burden of follow-up visits on infants and families without increasing risk of missing an infant with severe ROP for whom timely treatment may prevent blindness. When considering resource use for ROP screening, infants with higher GAs and larger BWs are important. They have lower ROP rates and represent a larger proportion of all the infants being screened for ROP. They have greater survival with lower morbidity rates and are thus often discharged from the NICU at younger PMAs, when the retina is not expected to be fully vascularized. 9, 13, 14 Despite their low risk for ROP, most will continue to undergo postdischarge ROP surveillance in specialized ophthalmology practices.
9
This study raises the question of whether current US guidelines should include explicit criteria for terminating ROP surveillance in more mature, larger-BW infants without ROP who are at low risk. Current US guidelines 1 recommend continuation of ROP screening among at-risk infants until the retina is adequately vascularized well into zone III, any ROP has regressed, or an infant is no longer at risk of sight-threatening ROP. Given the subjective nature of peripheral vascularization, many infants without ROP continue to be examined until the retina is fully vascularized. In this study, the absence of ROP on all in-patient examinations among infants who are more mature and have larger BWs was useful in predicting an even lower-risk group, in which none subsequently developed severe ROP. This is consistent with British 15 and Canadian 16 guidance that infants without ROP at or beyond 37 weeks' PMA are unlikely to develop severe ROP. Lowrisk ROP surveillance-stopping rules explored in a microsimulation study of digital imaging among this same population (infants with BW <1251 g) found a significant reduction in the need for follow-up after discharge. but a small increase risk of missing type 1 ROP. 6 Incorporation of infants with larger BWs and more mature GAs may be important in minimizing risk of missing severe ROP after discharge. Further studies of all at-risk infants with longitudinal ROP follow-up after discharge are needed to more fully understand infants who do not develop ROP and explore their subsequent likelihood of developing severe ROP after hospital discharge or transfer. More objective criteria for terminating ROP surveillance based on BWs, GAs, and the absence of ROP at near-term PMA could greatly reduce the number of low-yield ROP examinations, reduce the burden of ROP screening visits, and focus limited ophthalmology resources on higher-risk infants.
This study had many strengths regarding our aim to characterize low-risk infants. We used prospectively collected ROP examination results in a cohort that was enriched for higher-risk infants, given the e-ROP inclusion criteria (BWs <1251 g). The e-ROP centers represented large academic hospitals with experience in ROP research, high volumes of extremely premature infants, and heavy burden of morbidities.
Limitations
Models using this cohort might underestimate the absence of ROP in more typical NICUs and overestimate the risk of missing a case of treatment-warranted ROP. The interpretation of this study was also limited by the secondary analysis, the absence of at-risk infants with BWs of 1251 to 1500 g, and the absence of ROP examination results other than study end point after discharge. The study end point was not determined for 14.5% of the infants, who did not have ROP at study center discharge or transfer; it is possible that some of these infants received ROP treatment that the researchers were not aware of. Despite these limitations, these results raise the issue of how the community of neonatologists and ophthalmologists can most effectively focus resources. Finally, these results are derived from a study in North American NICUs and the findings are likely not generalizable to care of premature infants in many other regions of the world.
Conclusions
This study suggests that the combination of a higher GA, larger BW, and absence of ROP at near-term PMAs may identify an infant with the lowest risk of developing vision-threatening ROP for whom postdischarge surveillance has limited value. Studies of all at-risk infants with complete ascertainment of follow-up results are needed to develop more specific, objective criteria to identify the infants at lowest ROP risk, for whom ROP surveillance can be terminated so that resources can be focused on higher-risk infants. eTable 1. Frequency of infant without ROP on all exams prior to study endpoint, discharge, or transfer by BW and GA in all e-ROP infants
GA (weeks)
Birth weight (grams) 
